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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The non-reciprocal circuit element which makes the aforementioned magnetic 
substance the plane view rectangle which has a long side and a shorter side in the non- 
reciprocal circuit element which are in an electric insulation state, and make three central 
conductors intersect the magnetic substance with which a direct-current magnetic field is 
impressed, and it comes to arrange, and is characterized by having arranged one central 
conductor to a shorter side and parallel among the three aforementioned central conductors. 
[Claim 2] The non-reciprocal circuit element according to claim 1 characterized by connecting a 
terminator with the aforementioned shorter side in the port of the central conductor arranged to 
parallel. 

[Claim 3] The non-reciprocal circuit element according to claim 1 or 2 characterized by setting 
the degree theta of crossed axes angle of two central conductors other than the central 
conductor arranged to the aforementioned shorter side and parallel as 1 20 < theta< 1 80 degrees. 

[Claim 4] Each aforementioned central conductor is a non-reciprocal circuit element according 
to claim 1 or 2 characterized by setting the degree theta of crossed axes angle of two central 
conductors other than the central conductor which it is projected and formed from the common 
ground section, is bent and constituted on the aforementioned magnetic substance arranged on 
this ground section, and has been arranged to the aforementioned shorter side and parallel as 
120 < theta<=140 degrees. 

[Claim 5] A claim 1, a claim 2, transmitter equipment characterized by having a non-reciprocal 
circuit element according to claim 3 or 4. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the non-reciprocal 
circuit element used by high frequency bands, such as a microwave band, for example, an 
isolator, and a circulator. 
[0002] 

[Description of the Prior Art] Generally, a concentrated-constant type isolator has the very 
small magnitude of attenuation in the transmission direction (forward direction) of a signal, has 
the very large property to the opposite direction, and is adopted as the transceiver circuit 
section of communication equipment, such as a cellular phone, etc. A miniaturization and low- 
cost-ization are advancing and the latest mobile communications device requires a 
miniaturization and low-cost-ization also in the non-reciprocal circuit element used for these 
devices. In order to attain this miniaturization and low-cost-ization, the non-reciprocal circuit 
element which used the square template-like magnetic substance is proposed. 
[0003] When using the magnetic substance of such a square conventionally, in order to maintain 
the property balance of each port, the magnetic substance was made into the shape of a 
rectangle, one of three central conductors has been arranged to the long side of the magnetic 
substance, and parallel, and other two central conductors were made to incline each side, and 
are arranged so that the degree of crossed axes angle of each central conductor may turn into 
1 20 degrees. For example, the ratio of the long side of the magnetic substance and a shorter 
side is set to JP,8-23212,A so that it may be set to 2:root3, and one central conductor is 
arranged to a long side and parallel, and the non-reciprocal circuit element which made each 
central conductor the same length is proposed. 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, in mobile communications devices, such 
as the latest cellular phone, in order to attain longer duration of a call with a miniaturization, the 
demand of low-power-izing is strong, and the improvement (low-loss-izing) of the insertion loss 
of a non-reciprocal circuit element is demanded still more strongly. Moreover, since the insertion 
loss between the ports of specification [ the non-reciprocal circuit element used for a cellular 
phone ] is thought as important and the insertion loss between other ports is not thought so 
much as important, it is required rather than maintaining the property balance between each port 
that the insertion loss between specific ports should be reduced more. 

[0005] However, although there is an inclination for an insertion loss to deteriorate while pass 
band width generally narrow-band-izes and the property balance between each port could be 
maintained in the non-reciprocal circuit element of the above-mentioned conventional 
composition when the magnetic substance was miniaturized, it was difficult to obtain the 
insertion loss demanded. 

[0006] Then, the purpose of this invention is to offer the transmitter equipment using small and 

cheap the non-reciprocal circuit element and it which can reduce an insertion loss. 

[0007] 

[Means for Solving the Problem] In the non-reciprocal circuit element which are in an electric 
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insulation state, and make three central conductors intersect the magnetic substance with which 
a direct-current magnetic field is impressed, and it comes to arrange, the non-reciprocal circuit 
element which starts this invention in order to attain the above-mentioned purpose makes the 
aforementioned magnetic substance the shape of a plane view rectangle which has a long side 
and a shorter side, and is characterized by having arranged one central conductor to a shorter 
side and parallel among the three aforementioned central conductors. 
[0008] By this composition, the insertion loss between the shorter side of the magnetic 
substance and the port of two central conductors other than the central conductor arranged to 
parallel can be reduced so that it may mention later. Since the length of other two central 
conductors becomes long rather than the central conductor arranged to a shorter side and 
parallel, this is because combination between this central conductor whose number is two 
becomes strong. 

[0009] Moreover, an isolator is constituted by connecting a terminator to the shorter side of the 

magnetic substance, and the port of the central conductor arranged to parallel. 

[0010] Moreover, an insertion loss can be further reduced by setting the degree theta of crossed 

axes angle of two central conductors other than the central conductor arranged to a shorter side 

and parallel as 120 < theta< 180 degrees. This is because combination between two central 

conductors becomes strong by making the degree theta of crossed axes angle larger than 1 20 

degrees. 

[0011] Moreover, from the common ground section, each central conductor projects, and is 
formed, and the degree theta of crossed axes angle of two central conductors other than the 
central conductor which has been arranged at a shorter side and parallel in the case of the 
structure bent and constituted on the magnetic substance arranged on this ground section is set 
as 120 < theta<=140 degrees. If the degree of crossed axes angle is made larger than 140 
degrees, since two central conductors other than a central conductor parallel to a shorter side 
will lap at the edge of the magnetic substance, this is because bending arrangement becomes 
impossible. 

[0012] Moreover, the transmitter equipment concerning this invention is equipped with the 
isolator which has the above-mentioned feature, and is constituted. Thereby, low-power—ization 
of transmitter equipment can be attained. 
[0013] 

[Embodiments of the Invention] The composition of the non-reciprocal circuit element 
concerning the 1st operation gestalt of this invention is explained with reference to drawing 1 - 
drawing 4 . The non-reciprocal circuit element of this operation gestalt has the magnetic 
assembly 5 which has arranged three central conductors 51, 52, and 53 to the magnetic 
substance 55 of the shape of a corner guard of a plane view rectangle as shown in drawing 1 . 
Connection unification is carried out in the ground section 54 used as a common ground edge, 
and central conductors 51, 52, and 53 are projected and formed in the method of outside from 
the ground section 54, as pierced metallic-conductor boards, such as copper, processed it, 
formed and shown in the development of drawing 2 . <BR> [0014] The magnetic substance 55 is 
laid on the common ground section 54, the magnetic assembly 5 made the insulation sheet 
(illustration ellipsis) placed between the upper surfaces of the magnetic substance 55 by each 
central conductors 51-53, and it bent and it arranges so that the 120 degrees theta of crossed 
axes angle may be made mutually so that the magnetic substance 55 may be wrapped in. Each 
port sections P1-P3 equivalent to the point of each central conductors 51-53 are made into the 
configuration of having been suitable for connection with other members, and they are 
constituted so that it may project in the method of outside from the periphery of the magnetic 
substance 55. In such composition, it functions as efficiency-length for the portion 
corresponding to the upper surface of the magnetic substance 55 of each central conductors 
51-53 determining a property. 

[0015] And with this operation gestalt, one central conductor 53 is arranged in parallel with the 
shorter side B of the magnetic substance 55 in the center section (center section between both 
shorter sides) of the long side A. That is, the efficiency-length of the central conductor 53 
arranged in parallel with a shorter side B is formed so that it may become shorter than the 
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efficiency-length of other central conductors 51 and 52. In addition, with this operation gestalt, 
the ratio of the long side A of the magnetic substance 55 and a shorter side B is formed as 10:9. 
[0016] An example of the non-reciprocal circuit element constituted using the above-mentioned 
magnetic assembly 5 is shown in drawing 3 and drawin g 4 . Drawing 3 is the decomposition 
perspective diagram showing whole structure, and a plan in the state excluding [ drawing 4 ] the 
permanent magnet and the upper yoke. The non-reciprocal circuit element of this operation 
gestalt connects Terminator R to the port section P3 of the central conductor 53 parallel to the 
shorter side B of the magnetic substance 55, makes it the isolator, makes a port section P 2- 
way the forward direction from the port section PI, and makes port section P1 direction the 
opposite direction from the port section P2. 

[0017] While this isolator arranges a permanent magnet 3 to the inside of the box-like upper 
yoke 2 which consists of a magnetic-substance metal Equip with the lower yoke 8 of the shape 
of an outline KO character which consists of a magnetic-substance metal as well as this upper 
yoke 2, and a magnetic closed circuit is formed. The terminal case 7 is arranged on base 8a in 
the lower yoke 8, and the magnetic assembly 5, the capacitors C1-C3 for adjustment, and 
Terminator R are arranged in this terminal case 7, and a direct-current magnetic field is 
impressed to the magnetic assembly 5 with a permanent magnet 3, and it is constituted. 
[0018] it is the thing of the structure which the terminal case 7 consisted of electric insulating 
member, and really formed bottom wall 7b in rectangle frame-like side-attachment-wall 7a, and 
input/output terminals 71 and 72 and a grounding terminal 73 lay underground and prepare the 
part in a resin — having — the abbreviation center section of bottom wall 7b — insertion — a 
hole — 7c forms — having — insertion — a hole — two or more crevices are formed in the 
predetermined part at the periphery section of 7c 

[0019] insertion — a hole — in the crevice formed in the periphery of 7c, the capacitors C1-C3 
for adjustment and Terminator R arrange — having — insertion — a hole — into 7c, insertion 
arrangement of the magnetic assembly 5 is carried out, and the permanent magnet 3 is arranged 
in the upper part of the magnetic assembly 5 

[0020] The common ground section 54 of magnetic assembly 5 inferior surface of tongue is 
connected to base 8a of the lower yoke 8. The inferior-surface-of-tongue electrode of each 
capacitors C1-C3 for adjustment and the electrode by the side of the end of Terminator R are 
connected to grounding terminals 73 and 73, respectively. The port sections P1-P3 of each 
central conductors 51-53 are connected to the upper surface electrode of each capacitors C1- 
C3 for adjustment, respectively, and the other end side of Terminator R is connected to the port 
section P3. 

[0021] while reducing the material cost of the magnetic substance, and a manufacturing cost and 
attaining low-costHzation by using the rectangular magnetic substance in this isolator — the 
miniaturization of a magnetic assembly — realizing — and each composition to a terminal case - 
- also in arrangement of a member, the area use efficiency of the circumference of the magnetic 
substance could be raised, and the whole miniaturization is realized 
[0022] Next, the effect of the composition of the 1 st operation gestalt is explained with 
reference to drawing 5 . Drawing 5 is drawing showing the frequency characteristic of the 
insertion loss (magnitude of attenuation of the forward direction) in the composition of an 
operation gestalt, and the conventional composition. The size of the magnetic substance of the 
example of the 1 st operation gestalt is 0.5mm in 3.0mm of long sides, 2.7mm of shorter sides, and 
thickness. The size of the magnetic substance of the conventional example is 0.5mm (what set 
the ratio of a long side and a shorter side to 2:root3) in 3.1mm of long sides, 2.7mm of shorter 
sides, and thickness, and arranges and constitutes the central conductor to which Terminator R 
is connected in a long side and parallel. In addition, each dimension of an isolator is 2.0mm in 
5mmx5mm and height (thickness), and center frequency is 924.5MHz. 

[0023] As shown in drawing 5 , by the thing of the 1st operation gestalt, the insertion loss in 
center frequency is set to about 0.40dB, and is sharply reduced compared with the conventional 
thing (about 0.45dB). Moreover, pass band width (for example, 0.75dB [ of insertion losses ] 
bandwidth) is also large sharply compared with the conventional thing. Thus, the insertion loss 
between signal input/output port P1 and P2 can be reduced by arranging the central conductor 
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53 to which Terminator R was connected to the shorter side of the magnetic substance 55, and 
parallel, using the magnetic substance 55 of a plane view rectangle. That is, in the isolator of this 
operation gestalt, while realizing a miniaturization, the insertion loss is reduced. 
[0024] Next, the composition of the magnetic assembly concerning the 2nd operation form of 
this invention is shown in drawing 6 . Using the magnetic substance 55 of the shape of a corner 
guard of a plane view rectangle, the magnetic assembly 5 of this operation form has arranged the 
central conductor 53 to the shorter side of the magnetic substance 55, and parallel, and it 
arranges other two central conductors 51 and 52 so that the degree theta of crossed axes angle 
may turn into 130 degrees. Moreover, the central conductor 53 has been arranged so that the 
degree of crossed axes angle of central conductors 51 and 52 may be equally divided into two, 
and it has set both the degree theta 1 of crossed axes angle of central conductors 53 and 51, 
and the degree theta 2 of crossed axes angle of central conductors 53 and 52 as 1 1 5 degrees. 
Other composition is the same as that of the thing of the 1st operation form shown by drawing 
1 , and omits the explanation. 

[0025] Next, the effect of the composition of the 2nd operation form is explained with reference 
to drawing 5 . In addition, the property of the example of the 2nd operation form shown in 
drawing 5 is the thing of the same structure as the isolator of the 1 st operation form shown in 
drawing 3 and drawing 4 . 

[0026] As shown in drawing 5 , by the thing of the 2nd operation form, the insertion loss in 
center frequency is set to about 0.35dB, and is further reduced compared with the thing of the 
1st operation form. Moreover, pass band width is also large sharply compared with the thing of 
the 1st operation form. Thus, the insertion loss between signal input/output port P1 and P2 can 
be further reduced by setting the degree theta of crossed axes angle of two central conductors 
51 and 52 corresponding to signal input/output port other than central conductor 53 arranged at 
the shorter side of the magnetic substance 55, and parallel as 130 degrees. 
[0027] In addition, although the 2nd operation gestalt explained taking the case of the case 
where the degree theta of crossed axes angle of central conductors 51 and 52 is set as 130 
degrees, it is checked that an insertion loss can be reduced by making this degree theta of 
crossed axes angle larger than 120 degrees. However, since two central conductors other than a 
central conductor parallel to a shorter side lap at the edge of the magnetic substance and 
bending arrangement becomes impossible to the case of the structure which has bent and 
arranged each central conductor which consists of a metallic-conductor board like the above- 
mentioned operation gestalt to the magnetic substance when the degree theta of crossed axes 
angle is made larger than 140 degrees, the degree theta of crossed axes angle of central 
conductors 51 and 52 is substantially set as 140 or less degrees. 

[0028] In addition, although it is the thing of the structure which has bent and arranged each 
central conductor which consists of a metallic-conductor board to the magnetic substance and 
being explained with the above-mentioned operation gestalt, the structure of the magnetic 
substance and a central conductor may be the thing of the structure which does not restrict to 
this and formed the central conductor in the interior or the front face of the magnetic substance 
by the electrode layer. In this case, the degree theta of crossed axes angle of two central 
conductors other than a central conductor parallel to the shorter side of the magnetic substance 
can be theoretically set as one value of less than 180 degrees. However, since the isolation 
(magnitude of attenuation of an opposite direction) needed when the degree theta of crossed 
axes angle exceeds 1 50 degrees is not obtained, the degree theta of crossed axes angle is 
practically set as 150 or less degrees. 

[0029] Moreover, with the above-mentioned operation form, although explained taking the case 
of the isolator, this invention can be applied also to the circulator which constituted the port 
section P3 as the 3rd input/output port, without connecting Terminator R to the port section P3. 
In this case, the insertion loss between the shorter side of the magnetic substance and the port 
of two central conductors other than the central conductor arranged to parallel can be reduced. 
[0030] Next, the composition of the transmitter equipment concerning the 3rd operation form of 
this invention is shown in drawing 7 . Antenna ANT connects this transmitter equipment to the 
antenna edge of the duplexer DPX which consists of a filter TX for transmission, and a filter RX 
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for reception — having — the input edge of the filter TX for transmission — ** — Isolator ISO 
is connected between sending circuits, and the receiving circuit is connected and constituted by 
the outgoing end of the filter RX for reception The sending signal from a sending circuit is sent 
from Antenna ANT through the filter TX for transmission via Isolator ISO. Moreover, the input 
signal received with Antenna ANT is inputted into a receiving circuit through the filter RX for 
reception. 

[0031] here — as Isolator ISO — the [ the 1st operation form and ] — the isolator of 2 
operation forms can be used The power consumption of transmitter equipment can be reduced 
by using the isolator which reduced the insertion loss concerning this invention. 
[0032] 

[Effect of the Invention] Since according to the non-reciprocal circuit element concerning this 
invention the magnetic substance was made into the shape of a plane view rectangle which has a 
long side and a shorter side and one central conductor has been arranged to a shorter side and 
parallel among three central conductors as explained above, the insertion loss between the 
shorter side of the magnetic substance and the port of two central conductors other than the 
central conductor arranged to parallel can be reduced. 

[0033] Moreover, an insertion loss can be further reduced by setting up more greatly than 1 20 
degrees the degree theta of crossed axes angle of two central conductors other than the central 
conductor arranged to a shorter side and parallel. 

[0034] Moreover, the transmitter equipment which reduced power consumption can be obtained 
by mounting the non-reciprocal circuit element concerning this invention. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the plan of the magnetic assembly concerning the 1st operation gestalt. 
[Drawing 2] It is the development of the central conductor concerning the 1st operation gestalt. 
[Drawing 3] It is the decomposition perspective diagram showing the whole isolator structure 
concerning the 1st operation gestalt. 

[Drawing 4] It is a plan in the state except the permanent magnet and upper yoke of an isolator 
concerning the 1 st operation gestalt. 

[Drawing 5] It is drawing showing the frequency characteristic of the insertion loss of the 1 st, 
the 2nd operation gestalt, and the conventional isolator. 

[Drawing 6] It is the plan of the magnetic assembly concerning the 2nd operation gestalt. 
[Drawing 7] It is the block diagram of the transmitter equipment concerning the 3rd operation 
gestalt. 

[Description of Notations] 

2 Upper Yoke 

3 Permanent Magnet 
5 Magnetic Assembly 
51-53 Central conductor 

54 Ground Section 

55 Magnetic Substance 

7 Terminal Case 

71 72 Input/output terminal 
73 Grounding Terminal 

8 Lower Yoke 

C1-C3 Capacitor for adjustment 

R Terminator 

P1-P3 Port (port section) 
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DRAWINGS 



[Drawing 1] 
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[Drawing 3] 
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[Drawing 4] 
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[Drawing 6] 
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[Drawing 7] 
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